Objective. Little is known about the prevalence and distribution of Kaposi's sarcoma-associated herpesvirus (KSHV) infection in the Caribbean. The aim of this study was to determine rates of KSHV seropositivity in various populations
Kaposi's sarcoma (KS) was first described by Moritz Kaposi in 1872 (1) , and there is ample evidence to suggest that Kaposi's sarcoma-associated herpesvirus (KSHV), a newly discovered herpesvirus also known as human herpesvirus 8 (HHV8), plays an etiologic role in KS (2) . Prior to the introduction of highly active antiretroviral therapy (HAART), KS was the most frequent neoplasm associated with human immunodeficiency virus type 1 (HIV-1) infection, occurring in approximately 30% of HIV-1-infected homosexual men (3) . In the general populations of North America and Northern Europe, KSHV infection is uncommon (< 5%) and is spread principally through sexual transmission, particularly among gay and bisexual men (4) . In Mediterranean and African countries, there are, respectively, intermediate infection rates (5%-20%) and high infection rates (> 30%), and the virus appears to be spread through both sexual modes of transmission and as-yet-undefined nonsexual modes of transmission (5) .
Serologic tests for KSHV include an indirect immunofluorescence assay (IFA) on KSHV-infected cells, targeted to the latency-associated nuclear antigen (LANA) encoded by KSHV open reading frame 73 (ORF73) (6, 7) . This assay appears to be highly specific for KSHV infection (100%) and typically displays 80% sensitivity among KS patients with AIDS. The sensitivity of the LANA IFA may approach 100% in KS patients without HIV (unpublished observation, Patrick S. Moore, 1996 ). An immunoblot technique (Western blot) using recombinant KSHV ORF65.2, a lytically expressed, 20-kilodalton recombinant protein, as the antigen has also been developed and characterized and shows approximately the same sensitivity as the LANA IFA (8) .
In Cuba there are now more than 4 500 people living with HIV. Fiftyeight of these individuals have developed KS. Although KS is not common among the general population of Cuba, the past five years have seen an increase in AIDS-associated KS (AIDS-KS) rates among HIV-infected persons in the country (unpublished observation, María E. Rodríguez, 2000) . From the beginning of the HIV epidemic until 1997 Cuba had only 21 KS cases. However, in the 1998-2001 period 37 new cases were diagnosed. Given this increase in cases, we decided to examine rates of KSHV infection in various populations in Cuba.
MATERIALS AND METHODS

Serum archive
Sera from all HIV-positive individuals in Cuba are stored in the serum archive of the Sexually Transmitted Diseases Laboratory at the Pedro Kourí Institute of Tropical Medicine in Havana, Cuba. Following seroconversion to HIV positivity, samples are collected and banked from each subject every two to three years to test for antibodies against cytomegalovirus, Epstein-Barr virus, and herpes simplex virus. Numerous serum samples, each one taken at a different time point, are thus available for each HIV-positive individual.
Populations and sampling
Serum samples were collected by one of the authors (VK) from a total of 410 subjects from five population groups that, according to previous reports (6, 7) , were presumed to be at either high risk or low risk for KSHV infection.
The first two of the five groups were AIDS patients with KS and HIV-1/ AIDS patients without KS. Both of these groups were presumed to be of high risk. Sera for both groups were selected from the Sexually Transmitted Diseases serum archive at the Pedro Kourí Institute of Tropical Medicine.
The first group consisted of 45 known AIDS-KS patients, who had been diagnosed in the period from 1991 to 2002. The KS diagnoses had been clinically and histologically confirmed according to standard criteria (9) , and 8 cases were diagnosed at autopsy. All the sera from the AIDS-KS patients selected for KSHV testing were dated either after confirmation of KS, for those diagnosed while still living, or immediately prior to death, for those who were diagnosed as KS postmortem.
The second group consisted of 154 patients who were infected with HIV-1 or were in the AIDS stage (HIV-1/ AIDS) and who had no clinical evidence of KS. Of the 154, 35 of them were considered AIDS cases at the time that the study was performed, based on the 1983 classification criteria of the Centers for Disease Control and Prevention of the United States. As facilities in Cuba were not able to determine CD4 counts for these subjects at the times of their AIDS diagnosis, these data were unavailable for clinical staging purposes. Sera from these 154 HIV-1/AIDS patients without KS were randomly selected from the serum archive, as multiple samples were available for each subject. The selection was made by means of a table of random numbers.
Risk factor data and basic demographic data on the 45 AIDS-KS patients and on the 154 HIV-seropositive persons without KS were available through the HIV registry maintained by the Santiago de las Vegas sanatorium. Serological reactivity to HIV-1 had been previously determined by enzyme immunoassay (DAVIH, Havana, Cuba), and positive results were confirmed by Western blot tests (Organon Teknika, Turnhout, Belgium).
The third of the five groups consisted of 171 HIV-negative blood donors from the Central Blood Bank of the city of Pinar del Río who were also negative for hepatitis B surface antigen, hepatitis C antibodies, and venereal disease research laboratory antibodies. The blood donors were considered at low risk. The fourth group was comprised of 27 consecutive kidney transplant recipients, who were HIV-negative; they were also presumed to be at low risk.
The fifth group consisted of 13 contacts of AIDS-KS-affected patients. All 13 contacts agreed to be tested. Of the 13 contacts, 11 of them were HIVseropositive sexual partners of AIDS-KS patients, and the other 2 were HIVseronegative relatives (mothers) of AIDS-KS patients. The persons in this group, especially the sexual contacts, were considered to be at high risk for KSHV infection.
Serologic testing
Serum samples were coded, and KSHV serostatus was determined in a double-blinded manner. All sera had been stored at -20 °C, except for some of the very old sera from KS patients, which might have been frozen and thawed at least twice. To decrease potential viral biohazards, all serum samples were heated to 56 °C for 30 minutes before use. Antibodies to the latency-associated nuclear antigen (LANA) were determined by indirect immunofluorescence assay (IFA) on an Epstein-Barr virus-negative, primary effusion lymphoma cell line (BCP-1) latently infected with KSHV, using the protocol previously reported by Gao S et al. (6) and by Martin J et al. (4) .
Samples were scored IFA-positive if the punctate nuclear staining pattern specific for KSHV-related antigens was observed. Confirmatory Western blotting using the lytically expressed KSHV ORF65.2 was performed, and the samples were considered positive when a band appeared to the expected size (8) . The IFA and the immunoblot were each performed twice for every sample, with discordant results assayed a third time to resolve discrepancies. As serologic assays for KSHV are still in their infancy and conservative seroprevalence estimates were the goal, only sera scoring positive by both IFA and immunoblot were considered positive for KSHV. Positive and negative controls were selected from samples previously tested with both systems (IFA and Western blot).
This research was performed from August 1998 to January 2002, in a collaboration between Columbia University, in New York City, New York, United States of America, and the Pedro Kourí Institute of Tropical Medicine, in the city of Havana, Cuba.
Statistical analyses
Descriptive statistics (percentages) were used. Comparisons of frequencies were carried out using the chisquare test, and Fisher's exact test was used to examine differences in proportions. All P values were two-sided.
Ethics aspects
The procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation of the Cuban Ministry of Health and with the Helsinki Declaration of 1975. Appropriate informed consent was obtained from the patients, and the guidelines for human experimentation of the Department of Health and Human Services of the United States and/or each authors' institution were followed in the conduct of the clinical research.
RESULTS
A basic demographic profile of the five populations in our study is given in Table 1 . The 45 patients with AIDS-KS ranged in age from 17 to 58 years (median, 33.4 years); 32 (71.1%) were white, 7 (15.6%) were black, and 6 (13.3%) were mestizo (data not shown). A homosexuality/bisexuality risk factor was found in 32 of the 36 male AIDS-KS patients (88.9% of them); the other 4 men were heterosexual. The 9 women among the 45 AIDS-KS patients (20% of them) comprised a substantial portion of that group. Three of the 4 male heterosexual AIDS-KS patients acquired HIV infection in Africa, while all 9 female AIDS-KS patients had had multiple contacts with homosexual/bisexual men (data not shown).
The HIV-seropositive group without KS ranged in age from 16 to 70 The contacts group consisted of 8 homosexual/bisexual males who were sexual partners of KS-affected patients, and 5 women. Of these 5 women, 3 of them were sexual partners of AIDS patients with KS, and the other 2 were mothers of KS-affected patients. The 11 sexual partners were all HIVseropositive.
Antibody seroreactivity to Kaposi's sarcoma-associated herpesvirus among the five cohorts in Cuba
Among the 45 AIDS-KS patients, 37 of them (82.2%) were IFA-positive for LANA seroreactivity; 35 of these 37 LANA-positive AIDS-KS patients were confirmed positive by the ORF65.2 immunoblot (Table 2) .
Of the 154 HIV-positive persons without KS, 34 of them (22.1%) were also KSHV-seropositive by the IFA, and 32 of the 34 were confirmed by immunoblot (Table 2) .
Of the 171 blood donors (all of whom were HIV-negative), only 2 of them (1.2%) were positive for KSHV infection; none of the 27 kidney transplant recipients was infected ( Table 2) . These results are consistent with these two groups' presumed low risk for KSHV infection.
In the contacts group we found positive results to KSHV antibodies in 6 of the 13 persons (46.2% of them) assayed by both methods ( Table 2 ). The two mothers of the KS-affected patients were seronegative for KSHV.
Subgroup analyses of KSHV seropositivity among HIV-positive subjects with and without KS
As shown in Table 3 , both men and women had relatively high KSHV seroprevalence rates. Of the 164 HIV-1-positive men, 59 of them (36.0%) were found seroprevalent for KSHV. Of the 46 HIV-1-positive women, 14 of them (30.4%) were found seroprevalent for KSHV. Subjects with HIV and KSHV coinfection were significantly older than their counterparts without KSHV infection (P < 0.05); this was true for both the persons with KS and the persons without KS. The majority of HIV-positive persons studied were homosexual or bisexual men. Homosexuality/bisexuality was not significantly associated with KSHV infection among either subjects with KS or subjects without KS. Among the group of patients with KS, the proportion of homosexual or bisexual males who were KSHVseropositive was 78.1% (25 of 32), compared to 75.0% (3 of 4) for heterosexual men (P = 0.99). In contrast, among the group of HIV-seropositive patients who did not have KS, the proportion of bisexual or homosexual males who were seropositives for KSHV was 21.1% (22 of 104), compared to 31.3% (5 of 16) for heterosexual men (P = 0.36). For the sexual contacts the proportion of homosexual or bisexual males infected with KSHV was 50% (4 of 8).
DISCUSSION
The studies performed by Whitby and colleagues (10) and by Smith and colleagues (11) found homosexuality to be strongly associated with AIDS-KS. In contrast, in our study in Cuban populations we found that heterosexual men and heterosexual women comprised a substantial portion of the AIDS-KS patients (8.9% and 20.0%, respectively). Various factors could have contributed to this finding in Cuba, including the high number of sexual partners and the types of sexual practices of these heterosexual men and women. Four of the men in our study acquired HIV infection in Africa through heterosexual contact, and they might have also been infected with HHV8 at the same time. All nine female AIDS-KS patients had had multiple contacts with homosexual or bisexual men. In both the HIV-positive persons with KS and those without KS, there was a predominance of whites, which is also true for the HIV-positive population overall in Cuba.
The 82.2% positivity found by using IFA in the group of AIDS patients with KS is consistent with previous reports regarding using IFA to assess LANA seroreactivity (4, 6, 7) . As expected, the two-step IFA/immunoblot (Western blot) protocol resulted in a relatively low test sensitivity but provided a conservative estimate of KSHV seropositivity as well as a relatively high test specificity. Negative cases could be due to several reasons. One reason is the sensitivity of the tests, which is about an 80% for IFA, and lower for the Western blot. Another possible reason is the history of freezing and thawing of some of the older serum samples. Finally, since the HIV-infected patients with KS are in the AIDS stage, the antibodies response may be affected, resulting in a false-negative response to HHV8, in the same way that occurs for HIV antibodies.
The rates of KSHV prevalence that we found in the various populations in Cuba suggest a pattern of KSHV infection that is similar to that for populations in Japan, Northern Europe, and the United States (10-12) and different from that of populations in Italy and Uganda, two countries where this virus is widespread (13, 14) . Our results in Cuba were also similar to those that Keller et al. (15) reported for Brazil. Those researchers reported a KSHV prevalence level of 79.5% among HIV-positive patients with KS and a level of 18.5% among HIV-positive patients without KS.
In Cuba both the HIV-positive men and the HIV-positive women (including both those with and without KS) as well as the sexual contacts of the KSaffected patients had relatively high KSHV seroprevalence rates. That finding is similar to what has been reported for sexually active HIV-positive populations in Europe (11) . Most researchers consider homosexuality to be a risk factor for KSHV infection and that this risk factor is mainly related to the persistence of unprotected orogenital sex in this group. This obviously does not represent the usual route of transmission of HHV8 in endemic countries, where most of the transmission appears to occur in childhood (16) .
In the case of Cuba, homosexual or bisexual behavior was not significantly associated with KSHV infection among subjects with KS or subjects without KS. This could be due to the fact that KS was very rare in Cuba before the AIDS era, even in transplant patients. The first Cuban HIV cases were persons who had become infected heterosexually while they were in Africa. These persons may also have become infected with KSHV while they were there, given that Cuba's first AIDS-KS patients had been in Africa. However, since the numbers of heterosexual males in our study were low compared with the numbers of homosexual/bisexual males, we suggest that this conclusion should be interpreted cautiously.
Further studies of KSHV transmission in Cuba should be carried out to clarify these issues. Our results are important for Cuban health authorities and draw attention to a new virus that is increasing in Cuba's HIV-infected population. This virus may also spread to persons who are not HIV-infected, thus representing a threat to the country.
Our analyses are consistent with previous observations of a strong association between KSHV seropositivity and KS among AIDS patients. Our analyses also suggest that KSHV transmission patterns in Cuba resemble those seen in Northern Europe and the United States. However, we didn't select a random sample of persons from the Cuban general population, but only from blood donors who were negative for hepatitis B surface antigen, hepatitis C, and venereal disease research laboratory antibodies. Therefore, we did not reach definitive conclusions regarding the circulation of KSHV in the non-HIV-infected Cuban population, including blood donors and kidney transplant recipients. Together with similar results from Brazil (15), Jamaica (17) , and the United States (6), our study indicates that KSHV infection is uncommon in some populations in the Western Hemisphere and that KSHV is largely confined to patients with AIDS-associated KS.
